The aim of this study was to assess the influence of the magnesium ions from lactate salt at the level of 100, 150 and 200 mg/100g addition on the rheological properties of the wheat flour dough of 550 type. For this purpose, the empirical dough rheological properties were investigated during mixing, pasting and fermentation process by using the Farinograph, Falling Number, Amylograph and Rheofermentometer devices. During mixing dough hydration capacity decreases with the increased level of magnesium ions addition whereas the dough stability and dough development time decreases at low levels of magnesium ions addition and increases at high levels. The temperature at peak viscosity, total CO 2 volume production and the total volume of CO 2 lost decreases with the increased level of magnesium addition. PCA analysis shows that the wheat flour with 100 mg and 150 mg /100g magnesium ions addition presents a similar behaviour slightly different to those with 200 mg /100g magnesium ions addition (P < 0.05).
Introduction
Nowadays, the world's most consumed bread is the one made from white wheat flour. In order to produce white flour most bran and germ fractions are removed during grain milling, reducing flour nutritional value (Vignola et al., 2016) . Therefore, nutritional problems related to diets consisting of wheat-based products were noticed throughout the world (Tang et al., 2008) . Mineral deficiencies like magnesium have a negative effect on human health, leading to muscular symptoms (spasms, cramps, weakness, e.g.) hyper excitability, insomnia, delirium, poor insulin resistance that may induce diabetes, e.g. (Blaszczyk and Duda-Chodak, 2013) . It is the most abundant intracellular divalent cation in humans (34%) from the total amount of 21-28 g of human body content, with a great physiologic importance (Glasdam et al., 2016) . Magnesium helps us to have bones strong enough to keep the blood pressure and the heart rhythm normal (Blaszczyk and Duda-Chodak, 2013 ). It is involved in different biochemical processes of protein, glucides and energy metabolism and in the maintenance of different human tissues (Oh and Deeth, 2017) . Due to the fact that a large population segment presents a magnesium deficiency, it has been suggested a fortification of cereal products derived in especially from white flour with minerals like magnesium in order to combat this deficiency. White wheat flour, through the refining process, loses the major part of its magnesium content and that way it is sustainable for magnesium fortification. There are many sources of magnesium that can be used in foods in order to obtain the best results from the products' quality point of view. A high number of organic (lactate, acetate, gluconate, citrate, e.g.) or inogranic (chloride, phosphate, oxide, carbonate, sulfate, hydroxide, e.g.) sources may be used. These were investigated in a less or more detailed way by different researchers (Ranhorta et al., 1976; Salovaara, 1982; Sehn et al, 2015; Kaur et al., 2011) . This study wants to complete the studies previously made and also to complete the previous research (Codină et al., 2017) where the effect of magnesium ions from gluconate salt on dough rheological properties on the same wheat flour and levels addition were investigated. In this study we analyzed the effect of magnesium ions from lactate salt at the level of 100, 150 and 200 mg/100g addition on white wheat flour dough rheological properties during mixing, pasting and fermentation process.
Materials and methods
The wheat flour (harvest 2016) provided from S.C. Dizing S.R.L. (Brusturi, Neamt, Romania) were of a strong quality for bread making according to the analyses made: 14.0% moisture (ICC method 110/1), 0.55% ash (ICC 104/1), 13 To Farinograph (Brabender, OGH, Duisburg, Germany with a 300 g capaci ty) flour strength was evaluated in terms of water absorption (WA, %) -water necessary to produce the dough consistency of 500 UB, dough development time (DT) -time from the water addition in order to reach maximum consistency, dough stability (ST)-time (min) which dough consistency is kept at 500 BU and degree of softening (DS) at 10 min -the difference in BU between the peak to the top of the curve and that after10 minutes after the water addition.
To Falling Number (Perten Instruments AB, model 1500, Sweden) was measured the alphaamylase activity in wheat flour with different levels of magnesium ions from lactate salt addition by determine the falling number index value (FN, s).
To Amylograph (Brabender OGH, Duisburg, Germany) the parameters obtained were the gelatinization temperature (Tg, 0 C), temperature at peak viscosity (T max , 0 C) and peak viscosity (PV max , BU). To Rheofermentometer (Chopin Rheo, type F3, Villeneuve-La-Garenne Cedex, France) the dough was prepared on Farinograph and during fermentation the temperature was maintained at 30 0 C. The parameters evaluated were maxi mum height of gaseous production (H'm, mm), total CO 2 volume production (VT, mL), volume of the gas retained in the dough at the end of the test (VR, mL) and retention coefficient (CR, %).
The statistical analysis was done using XLSTAT (free trial version 2016, Addinsoft, Inc., Brooklyn, NY, USA) at a significance level at P < 0.05. The principal component analysis (PCA) was used to analyze the data set in order to elucidate the relationships between variables. All samples were tested at least in duplicate.
Results and discussion
The wheat flour used in this study is one of a strong quality for bread making. According to falling number value of 363 s, it presents a low alpha-amylase activity (Codină et al., 2012) .
During mixing, dough rheological properties from white wheat flour with different levels of magnesium ions from the lactate salt addition are shown in Table 1 . The water absorption decreased with the increase of magnesium levels, these results being in agreement with those obtained by (Sehn et al., 2015) who considers that this decrease is not very significant, due to the fact that the protein solubility does not increase very much by magnesium salt addition. It is well known (Kaur et al., 2011 ) that when salt is added in a dough system it changes gluten hydration due to the fact that salt occupies the sites once occupied by the bound water. The divalent cation from the magnesium salt favored protein-water interactions leading to less protein hydration by changing the level of hydrogen bonding and hydrophobic interactions from the system causing a decrease of the water absorption value.
From the dough development point of view, the wheat flour dough prepared with magnesium cations reached the maximum consistency at an earlier time at a low levels of magnesium ions addition. These results are in agreement with those obtained by (Tuhumury, 2016) which found that by MgCl 2 addition in wheat flour the dough development time decreased. Also, (Sehn, 2015) obtained similar results at low levels of magnesium sulfate salt addition when DT decrease and at high levels increase. In dough system (pH~6), the gluten proteins are near the isoelectric point with a positive charge. In order to neutralize their electrical charges the salts ions interact with different chemical groups of the gluten proteins like amino and carboxyl groups, amino acid residues, peptide bonds, e.g. The effect depends on the ion structure and it order in the Hofmeister series. According to (Tuhumury et al., 2016) when salts with divalent cations like Mg 2+ (a chaotropic one) are added in a dough system, the gluten becomes more homogenous but with a similar structure with a gluten dough without salt addition. Therefore, at low levels of magnesium ions addition, the gluten proteins have a positive charge and interact less in a shorter mixing time. When high levels of magnesium ions are added, charge sites on the protein's surface becomes shielded, the conformation of the gluten proteins begin to change, the protein solubility to decrease and the dough mixing time to increase. The inter and intramolecular electrostatic repulsion forces of the protein molecules decreased causing a higher interprotein interactions, which become more compact.
The dough stability results indicated the fact that the magnesium lactate salt addition was less effective at maintaining the stability of the dough samples, at low levels these results being in agreement with those obtained by (Tuhumury et al., 2016) . This may be due to the fact the magnesium ions are water structure breakers and may destabilize folded proteins (Sehn, 2015) conducting to low stability values. Also, it is well known the fact that the magnesium ions are situated in the destabilizing zone of the Hofmeister series (Pegram et al., 2010 ) causing a hydrated and soluble effect on proteins with a strongly effect on hydrophobic interactions and hydrogen bonding between proteins. Wheat gluten contain about 35% hydrophobic amino acids and it has a surface hydrophobicity (Miller and Hoseney, 2008 ) which through hydrophobic interactions promotes protein aggregation forming a dough more stable when high levels of magnesium ions are incorporated.
The degree of softening at 10 min shows the fact that at low levels magnesium lactate salt addition induces a weakening effect on wheat flour dough and at high levels a strengthened one. As we previously mention according to the rank from the Hofmeister series magnesium ion are one of the less stabilizing cation which can increase the protein-protein interactions and therefore it is necessary a more high level of it to be incorporated in wheat flour dough in order to form a more stronger gluten network and therefore a nonsticky dough.
The Falling Number values and the Amylograph curve characteristics are shown in Table 2 . The Falling number value decreased at 200 mg/100g magnesium lactate salt addition meaning that at this level the alpha-amylase activity in wheat flour is improved being higher than those recorded with the control sample. The gelatinization temperature and peak viscosity increased at low levels of magnesium salt addition and decreased at high levels. These results may be due to the alpha-amylase activity in wheat flour which presents a lower value than the control sample at the maximum level addition. These results are in agreement with those obtained by Codină et al., 2017 and Kaur et al., 2011 who explained that the Amylograph values of the wheat flour are correlated to the dough enzymatic activity in the presence of magnesium lactate salt. Another explanation about gelatinization properties behaviour of wheat flour dough by magnesium lactate salt addition may be due to the interactions between main wheat flour components starch and proteins with magnesium salt. It is well known (Samustri and Suphantharika, 2012 ) that in the presence of salt the amount of amylose leached out the starch granules favoring an decrease of peak viscosity (Venkatesh and Boldizar, 2017 ). However at low levels of magnesium salt addition an increase in peak viscosity occur probably due to the hydrogen bonding and ionic interactions between intra-or intermolecular cross-linking of the polymer chains from the dough system in the presence of magnesium lactate salt addition. Therefore this increase may be predominant due to the interactions of magnesium lactate salt with proteins rather than starch, the main component from the dough system. According to Samustri and Suphantharika (2012) the influence of salt on starch gelatinization properties may be attributed to the electrostatic interaction between starch and salt ions and to the effects of salt on water structure. When magnesium ions are added in a dough system the cation attract OH groups which are converted to magnesium alcoholate groups. These compounds are better dissociated, favoring an increase in the difference potential between the water phase and the starch granule, known also as Donnan potential (Beck et al., 2012 ). The starch negative potential attracts the magnesium cation and repels the lactate anion. It is considered (Oosten, 1990 ) that the gelatinizing agent is the anion by breaking the hydrogen bonds from starch polymer. Due to the fact that magnesium ions absorption is imitated in dough system because there is no agent to bind the released H + the increase of gelatinization temperature recorded by Amylograph device was also limited in especially when high levels of magnesium ions were added.
As we can see all the maxi mum height of gaseous production, total CO 2 volume production and the volume of the gas retained in the dough at the end of the test decreased with the increased level of magnesium ions from the lactate salt addition probably due to the increase of the osmotic pressure in wheat flour dough. However the retention coefficient increased with the increased dose of magnesium salt addition at low levels and decreased at the level of 200 mg/100g magnesium ions addition, which indicated the fact that the gluten structure of the flour become stronger with the lactate magnesium salt incorporation, being capable to hold the gas formed and to expand without collapsing. Salt decreases gas production probably due to the increase of the osmotic pressure (Codină et al., 2017) This may be explained by the fact that the peak viscosity depends on the alpha-amylase activity in wheat flour, which, if it in a higher content, will hydrolyze in a higher amount the starch from the wheat flour dough. Also, the maxi mum height of gaseous production, total CO 2 volume production and volume of the gas retained in the dough at the end of the test depend on the α-amylase quantity in flours. The higher the content is, the higher the values of this Rheofermentometer parameters are (Codină, 2016) . The PC2 opposes the parameters WA and Tg (r=-0.790) maybe due to the fact that by decreasing the amount of available water in the wheat flour dough, the dough gelatinization temperature will increase (Van der Veen, 1996) .
Regarding the dough behaviour with different levels of magnesium ions from lactate salt addition it may be seen from the Farinograph, Falling Number, Amylograph and data Rheofermentometer shown in Tables 1, 2 and 3 that the wheat flour with 100 mg /100g and 150 mg /100g magnesium ions addition from lactate salt presents a similar In conclusion, the use of magnesium ions from lactate salt influenced all the empirical dough rheological properties measured by Farino graph, Falling Number, Amylograph and Rheofermentometer. The increased level of magnesium ions leads to the decrease of the WA value and of the H'm, VT and VR Rheofermentometer characteristics. At low levels of magnesium salt addition, the gelatinization temperature, peak viscosity and degree of softening at 10 min increased whereas at high levels it decreased. From the point of view of ST and DT values it decreases at low levels of magnesium lactate salt addition and at high levels it increases. PCA indicates a close direct positive relationship (P < 0.05) between DT and ST, FN and PV max and an inverse association between ST and DS, WA and Tg, FN and H'm.
